Objective: To investigate the in¯uences of size at birth, breastfeeding and morbidity on growth during infancy in poor areas of urban Bangladesh. Design: This was a prospective observational study of a cohort of newborn infants followed until 12 months of age. Setting: Slum areas of Dhaka City in Bangladesh. Subjects: A total of 1654 newborn infants were enrolled at birth, and follow-up was completed for 1207 infants. Repeated anthropometric measurements and interviews of caretakers on infant feeding and morbidity were conducted. A mixed effects regression method was used for modeling infant growth. Results: After adjusting for other variables, mean differences in body weight by birth weight and length, smallfor-gestational age and prematurity categories remained relatively constant throughout infancy. A positive impact of exclusive breastfeeding in the ®rst 3 ± 5 months on infant growth was detectable at 12 months of age. Although the bigger babies in the sample tended to grow relatively even bigger; exclusive breastfeeding appeared to counteract this pattern. Reported diarrhoea was associated with lower body weights and lengths even after adjusting for feeding patterns.
Introduction
Size at birth is an important determinant of infant growth in both developed and developing countries (Huttly et al, 1990; Adair, 1989; Binkin et al, 1988; Victora et al, 1987; Kramer et al, 1985; Garn, 1985; Mata et al, 1975) . These studies show that the relative position at birth with respect to weight and length is maintained in the ®rst year of life and often throughout childhood, and children with lower birth weights are more likely to remain lighter and smaller. Nevertheless, the relationship between birth weight and infant growth is in¯uenced by the infant's propensity for catch-up growth. Newborns, who are born light, often demonstrate upward centile crossing of their body weights, ie catch-up growth, which usually occurs in the ®rst year or two of life (Binkin et al, 1988; Peck et al, 1987; Persson, 1985) .
In developed countries, catch-up growth is most noticeable among preterms (Binkin et al, 1988; Piekkala et al, 1989; Cruise, 1973) . This phenomenon is now considered largely the result of relating the growth rate of premature infants to the chronological age since birth rather than age since conception (Casey et al, 1990; Karniski et al, 1987) . Although small-for-gestational age (SGA) infants show some growth spurts in the ®rst 3 ± 6 months of life, especially those with asymmetric growth retardation, they remain persistently shorter (Castillo-Duran et al, 1995; Tenovuo et al, 1987; Villar et al, 1984) .
Data on these relationships in developing countries are limited. In Bangladesh, the prevalence of low birth weight (LBW) is very high, as is child malnutrition. A better understanding of the role of nutritional status at birth in infant growth would facilitate appropriate policy and programmatic decisions. This should also involve consideration of the simultaneous effects of infant feeding and morbidity on growth. There is considerable evidence of a growth promoting role of exclusive (Mahmood & Feacham, 1987; Fawzi et al, 1997) or predominant (full) breastfeeding (Adair et al, 1993; Martines et al, 1994) in the ®rst 6 months of life. Available evidence also suggests that acute respiratory infections (ARI) (Adair et al, 1993; Smith et al, 1991; Cole, 1989; Rowland et al, 1988) and diarrhoea (Adair et al, 1993; Checkley et al, 1997; Bittencourt et al, 1993; Heikens et al, 1993; Becker et al, 1991; Zumrawi et al, 1987; Black et al, 1984) have negative effects on growth.
This study was carried out in a sample of the slum population of Dhaka, Bangladesh to assess the effect of newborn size and maturity de®ned by weight, gestational age and gestational age-speci®c weight on infant growth, and to examine how other factors, especially feeding practices and morbidity, in¯uenced growth during infancy.
Methods
A total of 1654 singleton, live born newborns were enrolled in the study during 1993 ± 1995 from a sample of slum areas of ®ve thanas (administrative areas) of Dhaka City. Enrollment was limited to newborns who could be reached within 13 days of birth. A total of 181 newborns were not enrolled as they were reached within !14 days after birth. Each baby's weight and length were measured at enrollment and information was collected on feeding and illness since birth. A standardized postnatal physical gestational age assessment was conducted (Capurro et al, 1978) . Information on household and parental characteristics, the mother's fertility experience and the date of her last menstrual period (LMP) were collected before birth. Follow-up visits were planned at 1, 3, 6, 9 and 12 months of age. At each visit, weights were measured and structured questionnaires were used to collect information on morbidity and feeding. Follow-up was not completed for 392 (24%) of the study cohort because of death (157) or outmigration (235).
Variables
Body weight and length were selected as the dependent variables in this analysis. A maximum of six weight and length measurements were available for each child, including measures at enrollment. The explanatory variables can be categorized into two groups: (i) the key variables of interest, ie classi®cation of size and maturity status at birth, and feeding and morbidity status; and (ii) the measured confounding variables.
Classi®cation of size and maturity status at birth. Newborns were classi®ed based on their estimated birth weight, gestational age and proportionality. Birth weight was estimated from weights at enrollment. Because babies were enrolled as many as 13 days after birth, some adjustment was necessary in order to characterize status at birth. In a sub-sample of 99 newborns daily repeat weights were obtained for 14 days after birth, thus permiting an analysis of postnatal changes in body weight in this population (Arifeen, 1997) . This analysis revealed that there was very little change in body weights in the ®rst 72 h; and thus enrollment weights obtained`72 h after birth were used for birth weights for about 75% of the infants. For the remaining infants who were enrolled 3 ± 13 days after birth, birth weights were estimated from enrollment weights using a regression equation developed from the subsample with daily repeat weights. The number of completed weeks between the date of LMP and date of birth were used as the gestational ages of most newborns. However, for 246 newborns (15%) the LMP was missing or considered invalid. The Capurro physical assessment was used to estimate gestational age of these infants.
Three sets of variables were created: (i) a two-level birth weight variable (`2500 g vs !2500 g); (ii) a four-category variable (named SGAaGA) indicating SGA, ie birth weight less than the 10th percentile of a US reference population (Alexander et al, 1996) or AGA (appropriate-forgestational age) and preterm, ie`37 weeks of gestation or term; and (iii) a three-category variable (named SGA type) indicating SGAaAGA status and proportionality of SGA infants, ie low ponderal index (PI) if the index (weight (g)alength (cm) 3 ) was less than the 10th percentile on a reference chart of adequate PI (Lubchenco et al, 1966) .
Feeding. At each visit, infant feeding practices in the previous 7 days were classi®ed as exclusively breastfed (only breast milk); predominantly breastfed (breast milk with water, sugar water, honey, or other non-milk liquid); partially breastfed (breast milk with animal, powdered or condensed milk, cereals, eggs, vegetables, fruits, lentils, meat, or ®sh); and not breastfed. Feeding information from the visits scheduled for months 1 and 3 was used to create a summary measure of breastfeeding status in the ®rst 3 months of life. Infants exclusively breastfed at both visits were classi®ed as exclusively breastfed. Infants exclusively or predominantly breastfed at each visit, but not exclusively breastfed at both visits were classi®ed as predominantly breastfed. The remaining infants were grouped together and mainly included infants who were partially breastfed at one or both visits. When information from one visit was missing, data from the other visit was used (8.4%), and when both visits had missing data, status at enrollment was used (1%). Information at enrollment was otherwise excluded since most newborns were given other liquids for a few days after birth and feeding status at this age did not re¯ect the overall feeding during the ®rst 3 months of life. Another variable indicating breastfeeding status at 6 months was included in selected analyses.
A measure of complementary feeding was created by using a count of the different types of complementary drinks or foods given to infants in the 7 days preceding the visit (Marquis et al, 1997) . There were nine possible Determinants of infant growth in Dhaka slums SE Arifeen et al foodadrink items for this measure: sugar water, honey, milk (non-breastmilk), cereal, egg, vegetables, fruits, pulses, and meat ± ®sh.
Morbidity. Two-week prevalences of diarrhoea and ARI were included in the analysis as measures of infant morbidity. The 2-week period preceding the visit to the study subject was considered positive for diarrhoea if frequent loose or liquid stools were reported with peak stool frequency of three or more and with at least two of the following symptoms present: weakness, thirst, dry mouth, loose skin, depressed fontanelle, sunken eyes, and no or little urine. ARI was considered present in the 2-week period if the caretaker reported three or more of the following symptoms including at least one of the underlined symptoms: cough, dif®cult breathing, noise during breathing, nasal¯aring, blue lipsaskin, chest indrawing, rapid breathing, not feeding well or not able to drink, and abnormally sleepy or dif®cult to wake. This was adapted from diagnostic algorithms used in other studies (Baqui et al, 1998) .
Other variables. The control variables in the analysis include both proximate determinants of growth such as child's age and sex; and other parental and household variables that act either through the measured proximate determinants or other unmeasured factors. The parental and household variables were included in the regression models to account for the unmeasured factors. The study was approved by the Ethical Review Committee of ICDDR,B and the Committee on Human Research of the Johns Hopkins University School of Hygiene and Public Health. All data was obtained after informed verbal consent from at least one parentacaretaker of the infant.
Statistics
Descriptive statistics of the sample were estimated. Mixed effects regression analysis was performed. These regression models had two components: random effects parameters, ie random intercepts, and random linear and curved slopes for each infant; and ®xed effects parameters (Diggle et al, 1994) . Allowing each child to have its own intercept and slope accounted for the correlation between multiple measures on the same individual. The ®xed effects part of the models was built in two stages. In the ®rst stage only the confounding variables were included in a block and only those variables with overall P-values less than 0.10 were retained. Age was modeled with three continuous variables including age, age 3 and a cubic spline with a knot at 3 months. The cubic spline was used to describe the smooth average growth curve. The position of the knot was determined by visual inspection of scatter plots by age and plots of mean growth curves. The weights and lengths at enrollment contributed to the estimation of the random intercepts, which corresponds to the measurements at birth. Because age at measurement was an explanatory variable in the model, the use of estimated birth weights rather than actual weights at enrollment was unnecessary. In the second stage, ®xed effects parameters representing the key explanatory variables of interest were added, ie either birth weight category, SGAaGA category or SGA type, all based on estimated birth weight; and feeding and morbidity status. Interaction terms with age were also included. For each of the three different sets of variables, separate models were developed for the two age strata: the four measurements from 0 to`6.5 months, and the three measurements from 6 months onwards. Choosing 0 ± 6.5 months for the younger set was necessary to include most of the measurements at age 6 months so that the model had enough data points at the upper extreme. The ®nal models only included variables still signi®cant at the 0.1 level. An additional variable indicating breastfeeding status at 6 months was included in the models with older infants but was dropped as it was not signi®cant. Additional models were developed without any of the three size and maturity variables to assess the relationship between random intercepts and slopes for different feeding categories.
Since poorer growth is associated with increased likelihood of weaning or changing to partial breastfeeding instead of exclusive breastfeeding, such`reverse causality' tends to overestimate the effect of breastfeeding on growth (Victora et al, 1998) . Since models with random effects do not completely resolve this problem we decided to speci®cally assess this. Attained weightalength was regressed on weightalength and breastfeeding practice at the previous visit in models with only ®xed effects. No random effects were included in these models. This methodology had been used by Victora et al (1998) .
All analysis was performed with the SAS System software for Windows (version 6.12) of the SAS Institute, Cary, NC, USA. For the mixed effects regression analysis, the SAS procedure PROC MIXED was used, with the restricted maximum likelihood method for computation.
Results
Almost three-quarters of the 1654 sample of newborns were enrolled within 72 h of birth. The mean of the estimated birth weights was 2516 g and almost half of the newborns (46.4%) were low-birth-weight (`2500 g). Preterm deliveries accounted for 17% of all infants, and almost 70% of the sample were SGA. Infants with adequate ponderal index (PI) comprised more than two-thirds of all the SGA infants.
Boys and girls numbered almost equally in the sample. The average age of their mothers was about 25 y. Only 25% of the mothers had received any formal education, 95% were Muslims, slightly less than a third of the mothers were born in Dhaka, 62% were shorter than 150 cm, and 31% gave a history of previous child death. About a quarter of the index children were ®rst borns. The mean monthly income of the child's family was about US$75 and almost 40% of the families did not have a TV, radio, bicycle, rickshaw, cupboard, table, watch or a clock.
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A little more than half of the infants were exclusively breastfed at 1 month of age, declining to about a quarter at 3 months (Table 1) . Widespread use of pre-lacteal feeds explains the low prevalence of exclusive breastfeeding at enrollment. According to the summary measure for overall breastfeeding status in the ®rst 3 months of life, 24.1% were exclusively breastfed, and 16.6% predominantly breastfed. Almost all of the others were partially breastfed. The mean number of types of complementary drinks and foods given at enrollment was 1.7, out of the maximum possible of 9. The mean declined to less than 1 at ages 1 and 3 months. Thereafter, the number of different types of complementary drinks and foods given to infants increased steadily with age to reach a mean of 3 at 12 months. The 2-week prevalence of diarrhoea steadily increased with age, reaching about 26% at 12 months. ARI prevalence was more stable across ages at about 13.5 ± 18.4%.
The focus in the ®rst 12 mixed effects regression models was on estimating the overall ®xed effects of the explanatory variables of interest (Tables 2 and 3 ). Table 2 presents the ®xed effects estimates of the four models with birth weight categories, and Table 3 presents the same for selected variables in the models with the SGAaGA and SGA-type variables.
Being male, or the child of an educated or a taller mother, was strongly associated with higher achieved weights and lengths (Table 2) . In early infancy, younger and lower parity mothers had lighter babies, but this 3 (models 1, 3) and intercept, age (models 2, 4). The random parameter for age 3 was dropped in models 2 and 4 due to linear dependencies with the random parameter for linear age. b Models 2 and 4 on the 6 sub-sample uses age and age 3 rescaled to start at 0 from 6 months c Summary measure of breastfeeding status in the ®rst 3 months of life. d Complementary foods and drinks include: sugar water, honey, milk (non-breastmilk), cereal, egg, vegetables, fruits, pulses, meat ± ®sh.
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SE Arifeen et al association reversed with increasing infant age. Parity was not associated with length while younger mothers had shorter infants at any age. There was a strong positive association between attained weight of the infants at older ages and household economic status as measured by income and possession of assets. However, only household assets predicted lengths of the infants. Infants with prior sibling death also weighed less in comparison with infants having no such history, but there was no association with length. Religion was associated with both weight and length and the mother's place of birth was only associated with body weight. On average, there was about 600 g mean difference in weights and about 2 cm difference in lengths of normal and low-birth-weight babies during infancy, with the difference being smaller in the second 6 months ( Table 2 ). There was a signi®cant effect of birth weight on the age slope for length from 0 to 6.5 months, the gain in length with age being slower for normal birthweight (NBW) infants. The effect of birth weight on the age-slope for weight in the younger ages was in the reverse direction though not statistically signi®cant.
The effect of classi®cation by AGAaSGA and terma preterm status was very strong (Table 3 ). Compared to preterm-SGA infants, term-AGA infants were about 1 kg heavier and 3.1 ± 5.6 cm taller, while term-SGA and preterm-AGA infants were intermediate in weight and length, although their relative positions in comparison to preterm-SGA infants were reversed in the second half of infancy. SGA infants with low PI were lighter but taller than those with adequate PI, while AGA infants were both heavier and taller than the SGA infants. Overall, the difference in weight and length between the various groups was narrower in the older infants. There was signi®cant interaction between age and the SGAaGA and SGA type variables in the young infant models for length, indicating a slower gain in length among infants born taller.
In the young infant models (0 ± 6.5 months), the main effect for breastfeeding was not signi®cant, that is, there were no differences in the intercept (baseline) by breastfeeding mode ( Table 2 ). The signi®cant breastfeeding ± age interaction term means that the infants differ in their slopes (growth rate) by breastfeeding mode. In this age stratum, compared to the exclusively breastfed (EBF), the partially or not breastfed infants gained weight and length at a signi®cantly slower rate. The predominantly breastfed (PBF) infants gained most rapidly but the difference with EBF was small and non-signi®cant. In the older ages (6 months), the signi®cant main effect was a consequence of the diverging slopes in the younger ages (models 1 and 3). The interaction term between breastfeeding mode and age was signi®cant for the weight model (model 2), indicating further change in growth rates for weight. Of interest was the reversal of the slopes in this age group. PBF infants, who start at the highest level at 6 months, gain weight at a slower rate than the EBF infants, whereas the partially or not breastfed infants had the fastest growth rate after being at the lowest level at 6 months. Such an effect was not observed for length.
The negative effects of diarrhoea in the preceding 2 weeks were strong and signi®cant for both weights and lengths and the effects were similar in both age groups. ARI was signi®cantly associated with weight but not length, and the size of the effect was larger in older infants.
Babies partially or not breastfed at month 1 were 0.5 cm shorter and about 100 g lighter at 3 months of age compared to those who were exclusively breastfed (Table 4) . Inclusion in the models of weight or length at the preceding visit and other covariates resulted in substantial reduction in the size of the effect of breastfeeding at the previous visit on growth at the following visit. There were signi®cant unadjusted effects in the 0 ± 1 and 3 ± 6 month intervals, but these effects disappeared when the other variables are included in the models. 
Determinants of infant growth in Dhaka slums SE Arifeen et al
Separate models were constructed for the two age strata in which the random effects were either allowed or not allowed to vary by breastfeeding status (Tables 5 and 6 ). These models were designed to assess the relationship between the random parameters and the in¯uence of breastfeeding on these associations. In mixed effects models, the mean and spread of the random intercepts would be expected to closely approximate that of the actual birth weights and lengths, if the latter were a strong determinant of subsequent growth. This was evident from the model results. According to model 13, the mean weight at age 0 (the intercept) was 2475 g, just 41 g less than the actual mean birth weight. The standard deviation of the random intercepts was about 375 g, compared to 404 g of the actual birth weights. The model was thus predicting a birth weight distribution that was quite close to the actual. The correlation between the two random parameters was indicative of the type and strength of the relationship between the two. Unlike analysis based on main-effects-slope interactions, which only look at the average effects, each child has his or her own intercept and slope in these models, and the relationship between them is of interest.
To simplify interpretation, we ignored the random curvature (age 3 ) in these models, and only modeled a random linear slope (age) for the younger age range (`6.5 months). It was assumed that within the narrow age range the random curvature was negligible, although statistically signi®cant, and ®xed effects parameters only may be an adequate model of the growth curve from 0 to 6.5 months.
The overall random effects in model 13 demonstrate that during the early months, weight at birth was positively correlated with growth rate, ie the heavier the babies were at birth, the faster they grew ( Table 5 ). The correlation was not very high (0.15), suggesting considerable variability in growth rates relative to initial size. The correlation remains about the same (0.11 ± 0.24) across all three breastfeeding categories (model 14). Although the random intercept standard deviation, which represents variability in birth weights, also remains the same irrespective of the breastfeeding status, the random slope (growth rate) standard deviation was greater in the partial or not breastfed category suggesting greater variability of growth rates in this group of infants, possibly re¯ecting, in part, the greater variability of feeding practices. The correlation between random intercepts and slopes in the exclusively breastfed infants, although positive, was not signi®cant, and implies that in these infants, postnatal growth rate was not associated with birth weight. After 6 months the variability in the growth rates of individual infants was less (models 15 and 16). As a consequence of the greater variability in the growth rates of partially or not breastfed infants in the earlier months, the random intercepts (at 6 months) for these infants were much more variable. This same group of infants exhibited the least variable growth rates after 6 months. The overall intercept ± age correlation was higher and still positive, ie the heavier the babies were at 6 months the faster they grew; however, this relation was only statistically signi®cant in the partially or not breastfed infants, in whom the correlation coef®cient was as high as 0.50. Predominantly breastfed infants had a positive but non-signi®cant intercept ± age correlation whereas, among exclusively breastfed infants, this parameter was negative but not signi®cant, suggesting possible catch-up growth, ie smaller babies growing faster.
The ®ndings with the same analyses with length were somewhat different (Table 6 ). Based on the overall random effects in model 17, length at birth was negatively associated with growth rate in the ®rst 6 months of life, although, as with weight, the correlation was not high (0.17). Strati®cation by breastfeeding status shows higher negative correlation when the child was exclusively or predominantly breastfed, and non-signi®cant correlation for partially or not breastfed babies. When the infants were older, there was less variability in the length growth rates of individual infants (models 19 and 20). Possibly as a consequence of the`catch-up' growth seen in exclusively , where Y x weightalength at time x (eg month 3); BF (x71) breastfeeding at time x 7 1 (eg month 1). b Y x Y (x71) BF (x71) covariates where Y (x71) weightalength at time x 7 1 (eg month 1); covariates child's age at time x; days from time x 7 1 to x and sex; 2-week prevalence of diarrhoea and ARI at time x; mother's age, education and height; and household assets and religion. SE Arifeen et al or predominantly breastfed infants in the ®rst 6 months, the variability in the random intercepts (at 6 months) for these infants was much lower than in those who were partially or not breastfed. These infants also had the least variable growth rates after 6 months. The overall intercept-age correlation was positive in the older ages, ie the taller the babies were at 6 months the faster they grew; however, this relationship was no longer statistically signi®cant when strati®ed by breastfeeding status, although it was consistently positive.
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Discussion
Growth during infancy was strongly in¯uenced by size and maturity at birth in this population. This is consistent with ®ndings from other studies in widely different populations (Huttly et al, 1990; Peck et al, 1987; Adair et al, 1993; Dewey, 1998) . Dhaka slum infants appear to be con®ned within the`growth channels' determined at birth (Arifeen et al, 2000) . Mean differences in weights and lengths between categories de®ned at birth were similar in both halves of infancy, even after accounting for the effects of other factors in the models. In contrast to ®ndings in other developed and developing country populations (Adair, 1989; Binkin et al, 1988; Cruise, 1973) , preterm and SGA-low PI infants in our study did not demonstrate faster growth rates. There was some indication that preterm-AGA infants gained length compared to the term-AGA infants in the ®rst 6 months, but they still remained 1.6 cm shorter at 6 months of age and there was no further gain. SGA-low-PI infants actually gained length at a slower rate in the ®rst 6 months of life compared to SGA-adequate-PI babies. Even though there was no signi®cant interaction between age and SGAaGA for weight, the difference between term-SGA and preterm-SGA and between preterm-AGA and preterm-SGA infants declined from more than 600 g in the ®rst 6 months to more than 400 g in the second half of infancy. The greater mortality among the preterm-SGA (25%) may partially explain this ®nding. In the models for length, the negative interaction between age and SGAaGA largely explains the narrowing in attained length seen at 6 months. For example, the mean difference in length between term-AGA and preterm-SGA infants declined by 2.42 cm from 5.56 at birth to 3.14 cm at 6 months. Two-thirds of this reduction was explained by the 0.27 cm decline in the age slope per month. According to the timing hypothesis for the etiology of intrauterine growth retardation (Caul®eld et al, 1991; Models 15 ± 16 on the ! 6 month sub-sample uses age and age 3 rescaled to start at 0 from 6 months. b Other ®xed effects covariates: as in models 1 and 2 (Table 1) . Belizan, 1982; Villar et al, 1989; Urrusti et al, 1972) , SGA-adequate-PI infants are the result of chronic intrauterine stress, ie since early in pregnancy. This, on the one hand, may make them more adapted to the extrauterine environment, but on the other hand, may result in a reduction in their capacity for postnatal growth (Villar et al, 1989; Rosso, 1989) . SGA-low-PI infants, born with adequate length and brain size, probably result from intrauterine stress late in pregnancy and thus, it is said, more likely to grow well after birth (Villar et al, 1989) . Such a phenomenon was not clearly seen in our study. Because of the high prevalence of fetal growth retardation and the considerable shift to the left of the gestational age-speci®c birth weight distribution, we believe that most of the infants in this cohort would have experienced some degree of fetal growth retardation which resulted in a reduction in their propensity for growth after birth. This probably explains the observed lack of`catch-up' growth among the SGAlow-PI as well as the limited`catch-up' growth among the preterm infants.
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The mixed effects regression analysis partially overcomes the limitation of an analysis based on average changes which hide the variability between individuals with some infants exhibiting catch-up and others showing severe faltering. The evidence presented here on the basis of such analysis lends strong support to the hypothesis that each infant has his or her own growth curve, the level and course of which is determined largely by size at birth. In addition, there was signi®cant variation between the growth rates and the curvature of the growth curves of the infants. The much greater variation in the random slopes (growth rates) in the younger ages compared to the later half of infancy reinforces the argument for targeting growth promotion interventions at these early ages (Schroeder et al, 1995; Lutter et al, 1990) . The overall growth pattern in this population appears to be that of diverging growth curves with the heavier infants getting even heavier relative to those who start at lower levels, although the shorter babies do appear to make up some of the shortfall in the ®rst 6 months, but in the second half of infancy we again observe that taller babies grew relatively even taller. This is unlike the situation seen in developed countries where the weights of children converge towards the mean for the ®rst year or two and then stabilize into respective tracts (Binkin et al, 1988; Persson, 1985) . It would be logical to presume that, in a population where most infants are born with certain Other ®xed effects covariates: as in models 3 and 4 (Table 1) .
Determinants of infant growth in Dhaka slums SE Arifeen et al degrees of fetal growth retardation, the biggest would be the least growth retarded and thus would be more likely to have preserved their capacity for growth. The study has recon®rmed the bene®cial effect of breastfeeding on growth even after accounting for other factors. Several studies have presented evidence of an association between birth weight and subsequent feeding practices with mothers of babies who are smaller at birth being less likely to initiate breastfeeding, or if breastfeeding is started, more likely to terminate breastfeeding earlier (Barros et al, 1986; Adair & Popkin, 1996) . Such a relationship, if present, would explain some of the observed association between feeding practices and growth. Data not presented showed that the proportion exclusively breastfed (EBF), partially breastfed (PBF) or partiallyanot breastfed did not differ at any age between NBW and LBW babies. The lack of signi®cant main effects in the models 1 and 3 in Table 2 also indicates that there was no association between birth weight or length and breastfeeding mode in this sample. Studies have also shown that infants who grow poorly are more likely to have either their breastfeeding stopped or supplemented with other foods (Victora et al, 1998) . Such reverse causality, if not taken care of in the analysis, may overestimate the bene®cial effect of breastfeeding. One way of doing that is to regress weight at the end of an age interval on weight and breastfeeding at the beginning of that interval. We saw in Table 4 that, compared to exclusive breastfeeding, partial or no breastfeeding at month 1 was negatively associated with weight and length at month 3, even after adjusting for weightalength at month 1 and other confounders. The reduction in the breastfeeding effects after adjustment suggests though that there is some`reversal causality' effect, and indicates that the unadjusted measures were overestimating the actual effects. Other possible explanations for the lack of an effect after adjustment in the 0 ± 1 and 3 ± 6 month intervals may include the fact that very few babies were being exclusively breastfed at enrollment and most of those who were being exclusively breastfed at 3 months were no longer fed that way at 6 months of age and in many cases this change may have occurred soon after the month 3 visit. These ®xed effects models have the limitation of only using information on growth at two points in the child's life, while the mixed effects models uses all the information from the child as well as from other children in the sample, and thus provides better estimates. Although the mixed effects models are limited in their ability to handle the bias due to reverse causality, the consistency of the ®ndings with those from the ®xed effects models in Table 4 is reassuring. The use of a summary measure of breastfeeding in our analysis also reduces the likelihood of later weight or length in¯uencing the measurements.
Breastfeeding is known to in¯uence growth through several pathways, especially the provision of nutrients and reduction of morbidity such as diarrhoea (Adair et al, 1993; Martines et al, 1994; Feacham & Koblinsky, 1984) . The signi®cant and strong effect of breastfeeding, even after adjusting for diarrhoea and ARI morbidity, was impressive and is indicative of the nutritional bene®ts of breastfeeding (as opposed to the morbidity prevention effect). We evaluated this hypothesis further by re-modeling without the morbidity variables. No change was seen in the breastfeeding estimates, lending support to the hypothesis. All other factors remaining constant, infants who were exclusively breastfed (EBF) in the ®rst 3 months were predicted to be about 95 g heavier and 0.5 cm taller at 12 months than those partially or not breastfed (based on models 2 and 4, Table 3 ). This is somewhat of an overestimate because of the limitation of the mixed effects models alluded to above.
The comparison between the EBF and PBF infants was not conclusive, because the latter group appears to gain weight and length faster than the EBF infants in the ®rst 6 months of life (although this was not signi®cant), but had slower weight gain than the EBF infants after 6 months (P`0.01). We also showed an independent negative effect of complementary foods and drinks before 6 months on attained weight and length. This further strengthens the argument that complementary foods before 6 months of life are not necessary and are frequently detrimental. The lack of an effect of this variable after 6 months is dif®cult to explain, but it is likely that this is a re¯ection of the limited range and overall inadequacy of complementary foods offered to infants after 6 months.
EBF, and possibly PBF, also appear to counter the overall pattern of heavier babies growing even heavier in this infant population. The weight growth rate of EBF babies was not associated with starting body weight in both halves of infancy (PBF babies behave similarly in the second half of infancy). In the younger ages we observed faster gain in length among infants shorter at birth, but this was limited to EBF and PBF babies only. The most likely explanation of the observed effect on weight is that EBF (and PBF) allows even the lighter infants to grow at the same rate as the heavier infants and that these infants are less restricted by the growth channel de®ned by their level of intrauterine growth retardation. The effects on length reinforce this conclusion. What is especially remarkable, though, is how the effect of appropriate breastfeeding in the ®rst 3 months of life was sustained throughout infancy. It is of course possible that appropriate behavior at one time leads to better practices later and the observed sustained effect is a consequence of this association. This does not seem likely. In our study, infants exclusively breastfed in the ®rst 3 months did not receive greater number of complementary foods from 6 months onwards. This argument is further supported by the observed reduction in the ®rst-6-months gains by EBF and PBF infants after 6 months of age. Studies in the Philippines, Sudan and Indonesia have also demonstrated a positive effect of breastfeeding on growth beyond 6 months (Adair et al, 1993; Kusin et al, 1991; Brush et al, 1993) . In a study in Peru, infants who were fully breastfed in the ®rst 3 months of life had the highest cumulative weight gain by 12 months (Piwoz et al, 1996) .
Determinants of infant growth in Dhaka slums SE Arifeen et al
We have observed a strong and negative association between morbidity and growth, especially diarrhoea. Since both were measured at the same time, it is dif®cult to make conclusions regarding the direction of this association. However, the presence of an association between length and diarrhoea suggests that, in this instance, poor growth may be a risk factor for morbidity. Previous studies have provided evidence of higher morbidity risk in the undernourished (Zaman et al, 1996; Ballard and Neumann, 1995; Baqui et al, 1993a,b; El Samani et al, 1988; Bairagi et al, 1987) . Diarrhoea and respiratory infections have also been shown to have a negative effect on growth (Adair et al, 1993; Cole, 1989; Zumrawi et al, 1987; Black et al, 1984) . Data collected at 3-month intervals, as is the case here, is not conducive to an analysis of causality between nutritional status and morbidity. Furthermore, assessment of diarrhoea or ARI only at a few cross-sectional contacts will necessarily lead to some misclassi®cation, which generally reduces the ability to detect a real effect. Nevertheless, the interesting element of the current analysis is the strength and signi®cance of the association even after accounting for other variables, which is an indication of the strong relationship between nutrition and morbidity in the lives of children in this population. It has been hypothesized that increased energy expenditure during illness, and reduced absorption, withholding of food or poor appetite are important pathways through which illness in¯uences weight (Adair et al, 1993; Becker et al, 1991) . Impaired body defenses to infection have been blamed for the higher illness experience of the undernourished (Chandra, 1991; Scrimshaw et al, 1968) . Data from rural Bangladesh have shown that poor nutritional status and cell-mediated immune de®ciency are independent risk factors for childhood diarrhoea and respiratory infections (Zaman et al, 1996; Baqui et al, 1993b) .
Prevalence estimates of birth status may have been affected by the 181 newborns not enrolled in the study but an effect on the observed associations is less likely, given the relatively small number of infants involved. The infants lost to follow-up (28%) were more likely to have mothers who were younger, primiparous, taller, poorer and born outside Dhaka. Our analysis has show that, except for taller mothers, all of these characteristics were negatively associated with infant growth. However, those who dropped out did not differ from those who completed follow-up with respect to proportion LBW, SGA or preterm (data not presented). Since the losses to follow-up occurred at different ages and those infants contributed some data points prior to outmigration and because the particular analysis method used allowed each of these infants to have hisaher own growth curve by borrowing information from infants with shared characteristics, we do not expect a major impact of the loss to follow-up on the study ®ndings, especially since we are interested in relationships with other variables rather than growth levels per se.
The availability of good quality birth weight data from a representative sample of births is a major advantage of our study. Studies in developing country settings are usually constrained to births in hospitals or in selected health facility catchment areas. Our study population is not served by any particular health facility or organization but has access to a wide variety of services in urban Dhaka, including ICDDR,B, and nearly all of the births occured at home.
In summary, this study highlights the importance of size and maturity at birth in determining infant growth in a poor urban community in Bangladesh and re-emphasizes the need for improving fetal growth as a ®rst step towards improving childhood nutritional status. This argument is made stronger by the observed pattern of bigger babies growing even bigger. The data presented, including the greater bene®t to smaller babies from breastfeeding, provides renewed impetus to the efforts for the promotion of breastfeeding, especially exclusive breastfeeding in the ®rst 6 months of life.
